Purpose NRG Oncology/RTOG 1203 was designed to compare patient-reported acute toxicity and healthrelated quality of life during treatment with standard pelvic radiation or intensity-modulated radiation therapy (IMRT) in women with cervical and endometrial cancer.
INTRODUCTION
Estimates suggest that 13,240 women will be diagnosed with cervical cancer and 63,230 will be diagnosed with uterine cancer in the United States in 2018. 1 Although multimodality therapy may be curative, postoperative radiation can cause significant morbidity, most notably GI. [2] [3] [4] One prospective trial demonstrated that approximately 30% of patients who received surgery followed by standard four-field radiation therapy (RT) for endometrial cancer experienced significant acute diarrhea, which persisted in approximately 10% for up to 5 years after treatment. 5 Treatment with concurrent chemotherapy with standard radiation yields even higher rates of acute GI toxicity. 3 Pelvic RT for cervical and endometrial cancer requires treatment of the pelvic lymph nodes, which lie on the right and left sides of the pelvis, as well as the apex of the vagina. In patients who have undergone hysterectomy, small bowel fills the center of the pelvis between the pelvic lymph node targets. The standard technique for treating the pelvis is to use four beams coming from the anterior, posterior, and lateral aspects of the patient to treat a rectangular target that includes the bowel in the center of the pelvis, resulting in notable acute diarrhea.
Intensity-modulated radiation therapy (IMRT) dose-calculation algorithms are used to shape the dose around target structures with multiple converging beams or arcs. This approach makes it possible to reduce the dose delivered to normal tissues, which are surrounded by target structures.
The dosimetric benefits and feasibility of pelvic IMRT are well documented. Pelvic IMRT delivers a lower dose to the small bowel and bladder than standard pelvic RT. 6, 7 Retrospective studies, and one small prospective investigation, have reported lower rates of physician-reported toxicity after IMRT than after standard RT. 8, 9 In addition, prospective studies have demonstrated that IMRT is feasible in the cooperative group setting. 10 However, there have been few attempts to measure the impact of pelvic IMRT in terms of patient-reported toxicity. Here, the results of the first randomized trial, to our knowledge, designed to measure the impact of IMRT on patient-reported toxicity and quality of life are reported.
METHODS

Study Design
In this phase III multicenter randomized controlled trial, patients were stratified by dose (45 v 50.4 Gy), use of chemotherapy (yes v no), and disease site (cervix v endometrium), then randomly assigned 1:1 to receive either standard four-field pelvic RT or pelvic IMRT. 11 Patients were treated to 45 Gy or 50.4 Gy on the basis of physician preference. Five cycles of cisplatin 40 mg/m 2 weekly were administered at the physician's discretion according to predefined pathologic criteria. The study protocol was approved by the institutional review board of each participating center and was registered in clinicaltrials.gov (ClinicalTrials.gov identifier: NCT01672892).
Eligibility
To be eligible for this study, women were required to have a confirmed histologic diagnosis of invasive cervical or endometrial cancer, indications for adjuvant RT after hysterectomy on the basis of pathologic risk factors (Data Supplement), and a Zubrod performance status of 0 to 2. Patients were excluded if they were unable to maintain a full bladder, required extended-field RT, had a history of inflammatory bowel disease, had evidence of active infection, or had previously received RT to the pelvis. All patients provided written informed consent.
Interventions
All patients underwent computed tomography simulation for RT planning. For patients who received standard RT, four-field plans were defined according to description and images in the protocol. In both groups, normal tissues, including bowel bag, rectum, bladder, and bone marrow, were defined, and targets, including the nodal clinical target volume and vagina, were contoured. In the IMRT group, the vaginal contour was designed as an internal target volume using full and empty bladder scans to account for vaginal motion. 12 In the standard RT group, an internal target volume was not used, because standard field borders provide a significant margin around the vagina.
In the standard RT group, the dose was prescribed to the isocenter using 6-MV or higher photon energies. Normalization to an isodose line between 97% and 100% and use of field-in-field technique to increase homogeneity were allowed. For IMRT treatment planning, the nodal clinical target volume and vaginal internal target volume were expanded by 7 mm to create a planning target volume. 13 Dose was prescribed to the planning target volume using inverse planning approaches. IMRT, volumetric-modulated arc therapy, and tomotherapy were allowed. In both groups, patients were treated once a day, 5 days a week, with a daily fraction size of 1.8 Gy. In both groups, volumetric dose constraints were recommended for the target structures, and in the IMRT group, dose constraints were used for the normal tissues.
For quality assurance, the treatment plan was reviewed before the start of treatment of the first patient treated at each site in each group. Treatment plans for subsequent patients were reviewed after completion of treatment. Toxicity was managed according to the standard treatment approach for each site.
Assessments
Patients completed the Expanded Prostate Cancer Index Composite (EPIC), the Patient-Reported Outcomes-Common Terminology Criteria for Adverse Events (PRO-CTCAE), the Functional Assessment of Cancer Therapy instrument with cervix subscale (FACT-Cx), and EuroQOL's EQ-5D. A separate consent question was required for participation in the PRO-CTCAE, FACT-Cx, and EQ-5D components. The EPIC is a patientreported outcome questionnaire typically used with patients with prostate cancer. 14 It is designed to evaluate bowel and urinary function both during and after irradiation of the pelvis. Only two of the four domains, bowel and urinary, were used in this study. The FACT-General (FACT-G) is a validated, 27-item measure of quality of life (QOL) in patients with cancer. 15 The 27 items on the FACT-G are divided into four subscales, for physical, functional, social, and emotional well-being. The PRO-CTCAE was developed to characterize the frequency and severity of treatment toxicities and the extent to which these toxicities interfere with daily activities (Data Supplement). 16 Physician-reported adverse events (AEs) were graded using the National Cancer Institute's CTCAE version 4. Toxicity and QOL were evaluated before treatment, after 13 to 15 fractions (3 weeks), after 23 to 25 fractions (5 weeks), and 4 to 6 weeks and 1 and 2 years after completion of RT. To minimize the survey burden for patients, evaluations after 3 weeks of treatment included only the EPIC and PRO-CTCAE. EQ-5D results will be reported separately. Additional information regarding the PRO instruments, including scoring information, are included in the Data Supplement.
Study End Points
The primary end point was change in acute GI toxicity from baseline to 5 weeks measured with the bowel domain of the EPIC. Secondary end points included change in genitourinary toxicity from baseline to 5 weeks measured with the urinary domain of the EPIC, toxicity measured with the PRO-CTCAE, and QOL measured with the FACT-Cx. Validation of the EPIC in this patient population was a secondary end point and will be reported separately.
Statistical Analysis
NRG Oncology statisticians performed study analysis using SAS Version 9.4 of the SAS System for Windows. Using an effect size of 0.4 to represent the difference between arms in EPIC bowel domain at 5 weeks, a t test with one interim analysis, and a two-sided a of 0.05, a sample size of 225 was needed to achieve 85% statistical power. The sample size was increased by 20%, to 281, to account for anticipated attrition, given the use of a patient-reported outcome as the primary end point. The efficacy interim analysis used an O'Brien and Fleming boundary once 50% of evaluable patients reached 5 weeks and was tested at a significance level of .003, making the significance level for the final analysis .049 to preserve the overall type I error of 0.05. All eligible patients were included in the intentto-treat analysis. Change scores were calculated as the score at follow-up minus the baseline score. For the EPIC and FACT-Cx, a negative change score indicates a decline in function. Continuous variables were compared between treatment groups using the t test or the Wilcoxon test if variables were not normally distributed. Categorical variables were compared between treatment groups using the x 2 test or Fisher's exact test if sample sizes were small. A significance level of .05 was used for the EPIC bowel and jco.org urinary scores. A Bonferroni-adjusted a was used when testing subscales (0.0125 for the four FACT-G subscale scores, 0.0125 for the four EPIC urinary subscale scores, and 0.025 for the two EPIC bowel subscale scores). Patients with and without completed EPIC bowel assessments were compared at each time point. Linear fixed effects models using maximum likelihood were performed on the 5-week EPIC bowel and urinary scores adjusting for baseline score, treatment arm, stratification factors, age, race and Zubrod performance status.
RESULTS
Patients
Between November 2012 and August 2015, 289 patients were enrolled; 11 were ineligible because either they did not meet specified protocol criteria regarding disease features or because the date of diagnosis or pretreatment evaluation information was not available. Of the 278 eligible patients, 129 were randomly assigned to IMRT, and 149 were randomly assigned to standard RT (Fig 1) . There were no significant differences in pretreatment characteristics (Table 1) . Seventy-one patients planned to receive chemotherapy (Table 1) . Of the 68 patients who actually received chemotherapy (two of these patients withdrew consent), 92.6% were treated per protocol or with an acceptable deviation. For RT reviews, . 90% of patients were treated per protocol or with an acceptable deviation.
Patient-Reported GI Toxicity
Detailed results regarding validation of the EPIC in this population will be reported separately. Briefly, use of the EPIC bowel and urinary domains in this patient population was validated, because the results showed sensitivity to treatment, acceptable reliability for the domains and subscales, internal (n = 23) (n = 1) (n = 3) (n = 3) (n = 1) (n = 2) (n = 1) (n = 1) (n = 10) (n = 1)
Follow-up
Did not receive allocated intervention Patient refusal Toxicity Received IMRT Modality reviews Per protocol Acceptable variation Unacceptable variation Has toxicity information (n = 5) (n = 2) (n = 1) (n = 2) (n = 144) (n = 113) (n = 23) (n = 8) (n = 136)
Did not receive allocated intervention
Patient refusal Other complicating disease Modality reviews Per protocol Acceptable variation Unacceptable variation Has toxicity information (n = 3) (n = 2) (n = 1) (n = 126) (n = 93) (n = 24) (n = 9) (n = 122) Fig 1. CONSORT diagram. The number of participants in the primary end point analysis equals the number of participants assigned to the treatment group minus ineligible patients and the number excluded from the analysis. IMRT, intensity-modulated radiation therapy. consistency, and agreement with both the FACT-Cx instrument and PRO-CTCAE items. The percentage of patients responding with a high score to each EPIC question is provided in Data Supplement.
The EPIC was completed by 96.7% of eligible patients at baseline, 88.1% at week 3 of RT, and 86.6% at week 5 of RT. There were no differences in pretreatment characteristics between patients who completed the EPIC compared with those who did not at weeks 3 and 5 of RT (Data Supplement). There were no baseline differences in bowel summary or subscale scores between the IMRT and standard RT groups. In both groups, mean patientreported bowel function declined over the course of treatment ( Fig  2A) . The mean decreases in the EPIC bowel summary and subscale scores between baseline and both 3 weeks and 5 weeks, the primary end point, were significantly greater for patients in the standard RT group than for patients in the IMRT group (Fig 2A) . The effect size at 5 weeks was 0.26 standard deviations (SDs). The standard group experienced a larger mean decline from baseline to 3 weeks as compared with the IMRT group (218.6 v 214.0, respectively; P = .048). This difference was maintained at 5 weeks, in which the standard group had a larger mean decline in bowel score than the IMRT group (223.6 v 218.6, respectively; P = .048) and persisted after adjusting for other variables in a model (estimate, 26.30; SD, 2.42; P = .01; Data Supplement). The differences were greatest in the bowel function subscale between the standard and IMRT groups (221.0 v 214.5, respectively; P = .02). There was no significant difference in mean score in the bowel bother subscale between the standard and IMRT groups.
In response to the PRO-CTCAE, during week 5 of RT, 51.9% of patients in the standard RT group as compared with 33.7% of patients in the IMRT group reported experiencing diarrhea frequently or almost constantly (Fig 3; P = .01 ). Furthermore, 9.3% of patients in the standard RT group, but only 1.1% of patients in the IMRT group, reported having fecal incontinence frequently or almost constantly (P = .01). This symptom interfered with daily function quite a bit or very much for 12.9% of patients in the standard RT group and 4.4% of patients in the IMRT group (P = .04). At week 5, 20.4% of women in the standard RT group were using antidiarrheal medications four or more times daily, compared with 7.8% of women in the IMRT group (P = .04).
Patient-Reported Urinary Toxicity
Urinary function declined over the course of treatment in both treatment groups. At baseline, the mean EPIC urinary summary score was higher for patients in the standard RT group than for patients in the IMRT group (88.5 [SD, 14.4 ] v 86.2 [SD, 13.3] ; P = .03) with significant differences in both the urinary function and urinary incontinence subscales. The mean decreases in the EPIC urinary summary score between baseline and weeks 3 and 5 were greater for patients in the standard RT group than for patients in the IMRT group (26.0 [SD, 14.5 ] v 22.5 [SD, 11.3]; P = .04 for 3 weeks and 210. 4 [SD, 17.5] v 25.6 [SD, 15.3] ; P = .03 for 5 weeks; Fig 2B) . Modeling showed a significant treatment arm effect in favor of the IMRT arm for EPIC urinary score at 5 weeks (estimate, 24.59; SD, 2.19; P = .04; Data Supplement).
Physician-Reported Toxicity
Eight patients did not receive any protocol treatment and were excluded from the physician-reported toxicity assessment. There were no grade 5 AEs and only one grade 4 AE reported in the standard RT group related to treatment (other reproductive system and breast disorders). Both groups had similar rates of grade 3 and 4 AEs related to protocol treatment: 16.4% in the IMRT group and 11.0% in the standard group (Data Supplement; P = .28). Rates were also similar between the IMRT and standard RT groups for acute grade 2 and higher GI AEs (26.2% v 22.1%; P = .43).
QOL
On the FACT-Cx, the mean score on the additional concerns relevant to cervical cancer subscale showed a decline of 4.9 points (SD, 6.5) in the standard RT group versus 2.7 points (SD, 6.1) in the IMRT group (P = .015; Table 2 ). There were no significant differences between the two groups in the FACT-G subscale scores or mean Trial Outcome Index score (Table 2) . Descriptive statistics for the additional concerns relevant to the cervical cancer subscale are located in the Data Supplement. 
DISCUSSION
In this randomized trial, pelvic IMRT resulted in less impact on bowel function during treatment than standard pelvic RT. Similarly, treatment with IMRT resulted in less impact on urinary function during treatment. QOL metrics demonstrated that patients treated with IMRT also had a smaller decline in physical function and additional treatment-related concerns during the course of RT. Responses on the PRO-CTCAE were consistent with EPIC, showing a greater frequency of diarrhea in the standard RT group than in the IMRT group. This study was developed to focus on diarrhea, the most common toxicity experienced by patients during pelvic radiation. The PORTEC-2 study established that patients receiving pelvic radiation were more likely to experience diarrhea that affected their quality of life, requiring that they remain close to a toilet, resulting in a lower level of social functioning. 5 After 7 years, approximately 8% of women had chronic diarrhea and 11% still experienced clinically significant fecal leakage, as compared with 1% and 3% of patients treated with vaginal cuff brachytherapy, respectively. 17 In our study, acute bowel and urinary toxicity had improved by 4 to 6 weeks after completion of RT in both arms of the study, but longer-term analysis of patient-reported outcomes after IMRT or standard RT will be needed to determine if IMRT also affects chronic toxicity from pelvic radiation treatment.
Patient-reported measures of toxicity are often discordant with physician-reported toxicity, revealing more serious toxicity than providers reported. 16, 18 In a randomized trial of patients assessed with patient-reported measures of toxicity during chemotherapy, clinical incorporation of PROs improved healthrelated QOL and increased the number of cycles of chemotherapy received. 19 Given the sensitivity of PROs at detecting clinically significant toxicity during pelvic RT and the potential for medical and dietary interventions to improve these symptoms, routine incorporation of PROs during RT may be an effective approach to reduce toxicity during radiation treatment.
Demonstrating the value of IMRT is especially important, given the significant additional costs and resources needed for IMRT. The use of IMRT has significantly expanded in the United States over the past decade. An analysis of the National Cancer Database demonstrated that the use of IMRT for postoperative RT in patients with uterine cancer increased from 1.9% of patients in 2004 to 32.4% of patients in 2012. 20 Models analyzing the cost effectiveness of IMRT suggest IMRT becomes increasingly cost effective in the years after treatment. 21 However, generation of cost-effectiveness models is highly sensitive to the estimates of toxicity between groups of patients. The results reported herein should provide more accurate information to be used in a forthcoming cost-effectiveness analysis. Patients With High Toxicity Scores (%) * * * Fig 3. Patient-Reported Outcomes-Common Terminology Criteria for Adverse Events scores after 5 weeks of radiation treatment. High toxicity scores were considered as selection of level 4 or 5 responses with each question on a 5-point scale. These level 5 and 5 responses for each question were the following: [1] frequently or almost constantly; [2] quite a bit or very much; [3] severe or very severe. (*) Statistically significant difference. IMRT, intensity-modulated radiation therapy; RT, radiation therapy. Several randomized trials have compared physician-reported toxicity for patients treated with IMRT and standard RT. A randomized trial enrolling 331 women in Canada 22 compared IMRT to standard RT for women with breast cancer. The study reported a significantly higher rate of moist desquamation among women receiving standard RT, and patients who developed moist desquamation were more likely to have pain and decreased QOL. In another randomized controlled trial, men with localized prostate cancer were treated with hypofractionated IMRT or standard RT. The rate of grade 2 or higher genitourinary toxicity was higher in the standard RT group than in the IMRT group (12.3% v 2.7%; P = .02). 23 A third randomized trial compared standard RTwith IMRT for patients with head and neck cancer. This study reported a lower incidence of grade 2 or higher xerostomia after IMRT than after standard RT (24% v 53%; P = .024). 24 Each of these studies used physician-reported assessment of toxicity as the primary end point of the study, rather than patient-reported toxicity, as was used in this study.
IMRT
In summary, the results from the first randomized trial, to our knowledge, comparing the impact of pelvic IMRT and standard pelvic RT on acute patient-reported toxicity have herein been reported. GI and genitourinary toxicity were higher in the standard RT group at the end of treatment, and these differences were consistent across multiple patient-reported measures of toxicity. Long-term evaluation of patients is ongoing to determine if these differences persist over time and to compare recurrence rates between the two groups.
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